Macro-and microalgae have recently received much attention due to their valuable chemical constituents. In order to increase existing data, the authors studied nineteen microalgal species isolated from different reservoirs in the Fez region (northern Morocco), undertaking experiments to determine for each species its specific growth rate, total amounts of proteins, carbohydrates and lipids and the influence of the growth phase on these chemical constituents. The growth rates of the nineteen studied species of microalgae showed a wide interspecies variation, ranging from 0.27 d -1 for Chlamydomonas nivalis to 3.64 d -1 for Chlorococcum wemmeri. Protein, carbohydrate and lipid contents also varied greatly between taxa and within genera. Ankistrodesmus falcatus, Chlamydomonas nivalis, Chlorococcum sp., Fragilaria ulna, Scenedesmus protuberans, and Synechocystis aquatilis tended to synthesize proteins, the concentrations exceeding 20% of dry weight (DW). Ankistrodesmus falcatus, Ankistrodesmus sp., Chlorococcum wemmeri, Coenocystis sp., Isocystis sp., Lyngbya bergei, Oscillatoria amphibia, Polytoma papillatum, Scenedesmus protuberans, Scenedesmus sp. and Synechocystis aquatilis showed a high capacity for lipid storage, higher than 20% DW. For carbohydrate contents, only Scenedesmus protuberans and Scenedesmus quadricauda showed an excessive level, compared to other scanned species, with 29.21% and 24.76% DW respectively. Green algae, Scenedesmus protuberans for example, generally tend to synthesize proteins, with a content reaching 45% DW, while blue-green algae, for example Lyngbya bergei, tend to synthesize lipids, with a content reaching 50% DW.
Introduction
With over 200,000 species currently identified (Koller et al., 2012) , microalgae are a diverse group of organisms both biologically and ecologically (Aleya, 1989) . These organisms are well known for their vast potential in a wide variety of applications and constitute promising bio-catalysts to be used in the growing field of "white biotechnology". Microalgae can be used to produce a wide range of metabolites such as proteins, lipids, carbohydrates, pigments, cosmetics, vitamins for health, food and food additives, but also in diverse facets of "green energy" production, an area which has recently garnered much interest in different fields of research (Stengel et al., 2011) . In addition, these microorganisms can play an important role in bioremediation of wastewater and carbon dioxide sequestration (Khattabi et al., 2006) . This wide range of applications is due to the microalgal photosynthesis potential, which makes more efficient use of sunlight energy than higher plants (Reynolds, 1997) . Also, some of these microalgae can double their biomass within 24 hours (Aleya et al., 2011) or can grow throughout the year, with possible continuous cultivation and harvest (Chen et al., 2011) . In fact, they may be good food producers for both humans and animals due to their particularly interesting biochemical characteristics: high protein, good fat and amino acids (Becker, 1988) . Many systems of mass production have been developed for various species, including Scenedesmus quadricauda (Simmer, 1969) , Scenedesmus acutus (Gross et al., 1982) , Scenedesmus obliquus (El-Fouly et al., 1985) and Chlorella sp. (Hsieh & Wu, 2009 ). How-ever, it should be noted that only a limited number of species is currently being exploited, though given the number identified to date, a more comprehensive screening of species with a food or industrial potential is required. A number of key criteria must be taken into consideration, such as the rapid growth of selected strains and an interesting biochemical composition (high protein levels or potential for products with high added value). In order to increase the existing data, nineteen microalgal species were studied, isolated from three reservoirs in the region of Fez (northern Morocco). The purpose of this study was twofold: (1) to determine the specific growth rate of each species along with their total amounts of proteins, carbohydrates and lipids, and (2) to examine the influence of the growth phase on these chemical constituents.
Materials and methods

Microalgae sampling and microalgae isolation
Samples of selected species were collected at different dates from August 2009 to November 2010 (Table 1) using a net with a 45 µm mesh size, from three reservoirs in the region of Fez (northern Morocco, Fig. 1 ).
The culturing of isolated microalgal species is well established, beginning with the works of Beijerinck (1890) and Miquel (1890 Miquel ( -1892 , as was noted by Andersen (2005) who also pointed out that some species are easy to isolate and cultivate (often called weeds), whereas others are diffi-cult or seemingly impossible to grow. The first step toward a successful isolation is understanding and reproducing the naturally occurring environmental conditions (Andersen, 2005) . Freshwater algae collected in non-winter months are frequently less sensitive to temperature, but their pH or alkalinity may be high. A good taxonomic knowledge of the target species may be essential: Diatoms require silica, Euglenoids often require ammonia and some genera (e.g., the Prymnesiophyceae Chrysochromulina) require selenium. Mixotrophic species (e.g., certain dinoflagellates and chrysophytes) often require a bacterial food source, and colorless phagotrophic species (e.g., Pfiesteria) may require a eukaryotic food source. Thus, to isolate algal strains after harvesting phytoplankton, a first inoculum was grown in test tubes containing liquid culture medium "Synura" proposed by Brunel-Delclaux and Guerrin (1980) under light intensity equal to 300 μmol photons m -2 s -1 , with a temperature regime of 25/20°C (day/night) and using a 16/8 (light/dark) photoperiod cycle. The second step toward a successful isolation involves the elimination of contaminants, especially those that can outcompete the target species. Single-cell isolation by micropipette or agar streaking was used. The experimental design is summarized in Figure 2 .
Microalgae cultivation
For biochemical analyses algae were grown in Erlenmeyer flasks containing three liters of sterile culture BO 2 H 3 0.500 mg. l -1 ; Na 2 MoO 4 0.003 mg. l -1 . The culture medium composition was adjusted to pH 6.7 and then ster-ilized by autoclave. The media were inoculated in three replicates with exponentially growing algae from stock cultures at 1 ml per liter of culture. The samples needed for the different analyses were collected every 72 hours at the same time of the day, to minimize the effects of circadian variations of certain compound contents. The algal cultures were harvested for biochemical compound assays by centrifugation for 20 min at 3250 g (Aleya, 1992) . The microalgae pellets were cleaned twice with 0.17 M NaCl to remove all growth medium from cells (Bligh & Dyer, 1959) and then stored at -80°C until analysis.
Identification, biovolume and growth rate of sampled microalgae
Algal taxa were identified with various keys, while biovolumes were calculated from cell dimensions (Hillebrand et al., 1999) .
The growth rate of each species was determined using the following equation (1):
Where N 0 is the cultivated biomass at time t 0 (beginning of the exponential phase); N is the harvested biomass at time t (ending of the exponential phase) and t-t 0 is the exposure time between N 0 and N (days).
Biochemical composition
Total protein was calculated from the total Kjeldahl nitrogen (× 6.25) used to convert it to protein (Renaud et al., 1999) . Total carbohydrates were determined by spectrophotometry, using the phenol-sulphuric method and glucose as the standard, as indicated by Dubois et al. (1956) . The lipid fraction was extracted from the biomass with the Bligh & Dyer (1959) method, obtaining a miscible system consisting of the sample water content and a mixture of chloroform and water. Total lipid concentration was determined gravimetrically from the chloroform extract, evaporating the chloroform in a nitrogen atmosphere and subsequently drying it to constant weight in a vacuum oven.
Statistical analysis
Two-way ANOVA and the Bonferroni test for assessing differences in mean values were performed using Prism 5 (GraphPad Software). Significance level was set at p<0.05.
Results
Growth rate
While the growth rates varied from 0.27 d -1 for Chlamydomonas nivalis to 3.64 d -1 for Chlorococcum wemmeri, individual biovolumes fluctuated from 50 µm 3 for Synechocystis aquatilis to 2800 µm 3 for Oscillatoria amphibian (Table 2 ). Figure 3 shows the dispersion of the studied microalgal species according to growth rate and individual biovolume. Arbitrarily, the species having a biovolume less than 1500 µm 3 can be seen as 2 groups; the first includes the majority of the studied strains (13) with a growth rate less than 1 d -1 , while the second group (4 strains) has a growth rate higher than 1 d -1 . A third group, with a growth rate and individual biovolume higher than 1 d -1 and 1500 µm 3 , respectively, includes only the blue-green algae Lyngbya bergei and Oscillatoria amphibia.
Variation in the biochemical composition according to species growth phases
Protein, carbohydrate and lipid contents measured in the different microalgae are shown in Figures 4, 5 and 6, respectively. Values are within the ranges defined in Table 3 , regardless of the growth phase. Species with higher content for analyzed biochemical components at each growth phase are summarized in Table 4 . Protein content increased significantly during the exponential growth phase for Ankistrodesmus falcatus, Chlamydomonas nivalis, Fragilaria ulna and Scenedesmus protuberans, while for Fragilaria sp., Lyngbya bergei, Scenedesmus sp. and Synechocystis aquatilis it was most pronounced in the stationary growth phase. In the case of Polytoma papillatum, protein content was higher in both growth phases. Our results also show that protein content in 8 species (42.1% of all studied species) was stable during the different growth phases. The highest (P<0.05) protein content (45.05% dry weight: DW) was found in Scenedesmus protuberans, in the exponential phase, and the lowest (P<0.05) in Isocystis sp. (2.42 to 4.21% DW), independently of the growth phase. Table 3 . Biochemical composition of the studied microalgal species and certain species reported in the literature. In Ankistrodesmus falcatus, Chlamydomonas nivalis, Scenedesmus protuberans and Scenedesmus quadricauda, carbohydrate content reached its highest level during the exponential phase (14.34%, 21.81%, 29.21% and 24.76% DW, respectively), while in Ankistrodesmus falcatus, Chlorella sp., Chlorococcum sp., Coenocystis sp., Fragilaria ulna, Scenedesmus protuberans, Scenedes-mus sp. and Synechocystis aquatilis, this biochemical compound increased significantly in the stationary phase. In Ankistrodesmus sp., Chlorococcum wemmeri, Fragilaria sp., Isocystis sp., Oscillatoria amphibia, Polytoma papillatum and Selenastrum bibraianum, carbohydrate content showed no statistical differences between growth phases. Lipid content increased significantly during the exponential growth phase for Chlamydomonas nivalis, Coenocystis sp., Lyngbya bergei, Oscillatoria amphibian and Polytoma papillatum (17.06%, 30.44%, 49.40%, 40.67% and 47.74% DW, respectively). The highest lipid content was found also in Ankistrodesmus falcatus, Lyngbya bergei, Scenedesmus protuberans, Scenedesmus sp. and Synechocystis aquatilis in the stationary phase. The highest (52.60% DW) and lowest (4.79% DW) lipid levels were found in Lyngbya bergei and Selenastrum bibraianum, respectively, during the stationary phase.
Microalgal species % of proteins (DW)
% of carbohydrates(DW) % of lipids(DW) Reference
Discussion
The range in growth rates of the nineteen microalgal species, overlapping from 0.27 d -1 to 3.64 d -1 , reflects the ecophysiological differences among species. The fundamental cultivation factors determining microalgae growth rate are nutrient quality and quantity (Koller et al., 2012) . Thus, in this study we reported growth stabilization after three weeks of culture, which was likely due to the depletion in the culture medium nutrient concentrations, especially nitrogen and phosphorus (Boumnich et al., 2001) . Furthermore, a wide range of decisive cultivation factors (e.g., light supply, light intensity, salinity, pH, turbulence and temperature) determines microalgal growth and product formation rates (Aleya et al., 2011; Stengel et al., 2011; Koller et al., 2012) , factors which not only affect photosynthesis and algae growth rate, but also influence cellular metabolism and composition (Aleya et al., 1992; Juneja et al., 2013; Borderie et al., 2014 a,b) . In the present study, however, it was not possible to discern the contributing effects of such factors.
Exploitation of microalgae as a protein source has led to increased interest in their use (e.g., Spirulina, Chlorella and Scenedesmus) in health food production (Becker, 2007) . The values obtained reveal that, due to interspecies variations (Morris, 1981) , protein levels can vary from one species to another. Protein content differed also for the same species according to growth phase, in agreement with (Belkoura et al. 1997) . In the present study, protein levels varied from 45.05% DW during the exponential phase to 25.40% DW in the latent phase for the green algae Scenedesmus protuberans, and from 4.21% DW during the stationary phase to 2.42% DW in the lag phase for the blue-green algae Isocystis sp. The species in the present study showed a lower protein content compared to those reported in the literature, with values exceeding 41.3% , except for Scenedesmus dimorphus for which the reported protein content ranges from 8 to 18% DW (Um & Kim, 2009 ). This may be due to temperature (Renaud et al., 2001; Zepka et al., 2007) , light intensity and photoperiod , light quality (Morris, 1981) , nature and concentration of the nitrogen source , osmotic pressure of the culture medium (Ben-Amotz et al., 1985) or organic matter intake (Endo et al., 1974) .
Carbohydrate concentrations also vary greatly between and within taxa, depending on growth phases (Phlips et al., 1989) . In the present study they varied from 29.21% DW during the exponential phase to 20.95% DW in the lag phase for Scenedesmus protuberans, and from 3.13% DW during the stationary phase to 1.61% DW during the exponential phase in Isocystis sp. Um & Kim (2009) found that the carbohydrate content in microalgae can reach up to 52% of total cell mass of Scenedesmus dimorphus.;n our study, the dry weight of carbohydrates was very low compared to that of protein and lipid, similar to those obtained in earlier studies of algae in culture. Factors such as protein production, environmental and nutritional factors can affect the carbohydrate content in different microalgal species. Researchers have identified the individual effects of these factors (Morris, 1981; Zepka et al., 2007; George et al., 2014; Pancha et al., 2014) , though no consolidated review is available as to their effects on microalgae. Therefore, it is very difficult, if not impossible, to draw definitive conclusions about any factor influencing the carbohydrate biosynthesis processes in algae. Concerning economic interests, carbohydrates such as starch can be easily converted to ethanol by hydrolysis and fermentation (Juneja et al., 2013) . Algal starch is known to be readily fermentable by yeast (Nguyen et al., 2009 ) and, therefore, is under intense study for use in ethanol production (John et al., 2011) .
An essential component of membrane systems, lipid content also varies according to species. Thus, the changes observed in the lipid content in proteins in the nineteen studied species are due both to interspecies variations (Borowitzka, 1988) and to the growth stage (Barclay et al., 1985) . Total lipid contents varied from 24.65% DW registered during the lag phase to 52.60% in the stationary phase for the cyanobacterium Lyngbya bergei, and from 4.79% DW measured in the stationary phase to 7.73% DW during the exponential phase for the green algae Selenastrum bibraianum. Thus, total lipid content in the species studied here was higher than those reported in the literature. In addition, this variability is possibly influenced by cultivation factors, such as temperature (Zepka et al., 2007) , light intensity and photoperiod , CO 2 concentration of the culture medium (Yoo et al., 2010) , nature and concentration of the nitrogen source , iron concentration (Liu et al., 2008) , silica concentration in the case of diatoms (Aleya et al., 1992) , osmotic pressure in the medium (Al Hassan et al., 1990) and degree of culture aeration (Chen & Johns, 1991) . Juneja et al. (2013) in a recent and highly informative review presented abundant data on the impacts of these multiple environmental and nutritional factors, which indicates the current interest for lipid production in microalgae, specifically in relation to biofuel production.
Conclusion
The present study shows that the taxa Ankistrodesmus falcatus, Chlamydomonas nivalis, Fragilaria ulna, Scenedesmus protuberans and Synechocystis aquatilis are a promising feedstock for potential protein sources for health food production, while the species Scenedesmus protuberans and Scenedesmus quadricauda both have a tremendous potential in carbohydrate production. Lipid content in Lyngbya bergei, Oscillatoria amphibia and polytoma papillatum can be as high as 40% (dryweight), therefore showing their high capacity for lipid production. These microalgal species may thus have a role to play in the development of alternative energy sources. However, great care must be taken so as to identify the most promising species; in this process, the multitude of environmental and nutritional factors impacting algal growth and broader metabolic regulation must be considered. A better understanding of these factors is critical for the successful promotion of algae cultures in commercial systems in order to maximize chemical constituent production.
